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@ Improvements relating to profile imaging techniques. 
(57) A method of taking measurements of an article during 
manufacture, or of the finished product, without physically 
contacting the article wherein a series of scans of the article 
is made by means of an electronic video camera to produce a 
video signal which is displayed in a visual display unit (VDU) 
whilst the article which at the commencement of the process 
has been precisely located relative a pair of orthogonal 
datum cordinates (corresponding to "X" and "2" directions 
of measurement) in a prescribed plane is advanced in 
prescribed increments and at corresponding intervals along 
one of said cordinates (i.e. in the "Z" direction) in the said 
plane, the article being illuminated along a narrow strip 
oriented along or parallel to the other said cordinate (i.e. in 
the "X" direction) from a light source which is angularly 
displaced from the camera within a plane perpendicular to 
the first said plane which is parallel to the said "Z" direction. 

The tight source which is preferably a laser provides a 
thin fan-shaped beam. Any areas of the article obstructed 
from the beam by overhanging portions of the article are 
illuminated from the same beam by means of reflectors 
placed at the sides of the articles within the beam. If the same 
or other areas are likewise shielded from the camera, 
additional reflectors are placed alongside the article, but 
within the field of view of the camera, so as to reflect images 
of these areas into the camera. 



A counter which totalizes the incremental displacements 
of the article in the "Z direction and which provides a display 
of the running count during each interval is arranged in a 
prescribed location within the field of view of the camera. 
The counter, which is zeroed at the commencement of the 
process, appears in the video display throughout the process 
as an indication of displacement of the article in the "Z" 
direction. 

The video signal respecting the camera scan during each 
interval is displayed on the VDU alongside a display of a 
video recording of the corresponding scan of a master 
representation made under precisely identical conditions, 
and the amplitudes of the two signals (corresponding to "Y" 
direction of measurement) relative to common positions 
along their respective base lines (corresponding to "X" 
directions of measuremerrl) are then accurately compared to 
indicate the dimensional variations of the article from the 
master representation. 

A manual tracking means for use with the visual display 
unit is disclosed by means of which the displays respectively 
corresponding to the article and the master representation 
(each of which is seen as a line tracking over the screen of the 
VDU. both in the same direction) are tracked, the displace- 
ments in the "X" and "Y" direction being automatically 
measured and digitised, and the "Y" displacements being 
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autornatically compensated to produce true "Y" displace- 
ments in the plane perpendicular to the said prescribed 
plane. 
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" IMPROVEMENTS RELATING TO PROFILE IMAGING TECHNIQUES " 

This invention relates to the dimensional checking of an 
article during its manufacture so as to test its progress or Its 
final compliance with the specified dimensions of the finished 
product. 

The need to check the size of a machined article either 
during its manufacture or on completion, or both, usually adds 
appreciably to the unit manufacturing costs and involves the use 
of skilled personnel and this is more the case where the 
article has a complex outline. If the article is irregular in 
all three dimensions, such cost can be a considerable proportion 
of the manufacturing costs. The purpose of the present invention 
is to teach the use of a method and apparatus to enable such 
checking to be carried out at each stage of manufacture or with 
the final product without the need of particularly trained or 
skilled personnel and without any direct measurement by means 
of contact with the manufactured object itself. ■ 

According to the invention there is provided a method of 
measurement and/or dimensional comparison comprising the steps 
of: 

(1) locating an object on a prescribed first plane with 
reference to a datum position, 

(2) illuminating the object in a second plane substan- 
tially perpendicular to said prescribed first plane along a 
narrow strip; 

(3) scanning the object in a third plane angularly displaced 
from said second plane by means of a video camera adjusted. 
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focussed and positioned so as to discriminate the inuminated 
strip from the background and the remainder of the object; 

(4) comparing the amplitude of the video signal at a 
series of positions along the scan with a corresponding series 

5 of values representing the desired amplitudes at those 

positions along the scan in order to derive error indications; 

(5) linearly displacing the object a prescribed distance 
in said first plane in a direction which includes a component 
normal to the second and third planes and repeating steps (2) 

10 to (4); 

(6) repeating step 5 until the entire volume of interest 
has been scanned. 

In the preferred method a previous recording of an 
accurately prepared and scaled representation, similarly set up, 
15 is pre-recorded using a video recorder. Each pre-recorded scan 
is then reproduced on one trace of a split screen or split 
beam VDU alongside and in registration with the corresponding 
scan of the article being manufactured. Comparisons are then 
made at various positions along the scans, so as to detect 
20 variations. The invention also provides apparatus for performing 
the preferred method. 

Hereinafter the invention is described by way of example 
with reference to the accompanying drawings, where: - 

Figure 1 illustrates a profiling table for deriving a 
25 linear sequence of profile scans of the article being tested; 

Figure 2 shows diagrammatically a representative profile 
of the article under test somewhere along its length; 
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Figure 3 illustrates the treatment of articles having 
deep recesses; 

Figure 4 shows the arrangement for pre- recording the profile 
scans and for displaying simultaneously the pre-recorded profile 
5 scans with new profile scans; and 

Figure 5 illustrates means for taking measurements directly 

from a VDU. 

Referring now to Figure 1, there is shown a bench 1 having 
longitudinal slideways 2 and a rotatable lead screw 3. Slidably 
10 mounted on the slideways of the bench is a machine table 4 having 
an upper horizontal mounting surface 5 on which there is marked 
or engraved a pair of mutually perpendicular datum lines 6, 7, 
of which one datum line 5 is arranged parallel to the aforesaid 
slideways and is positioned near a longitudinal edge of the 
15 machine table and the other^ transverse^ 1 ine 7 is positioned 

near to one end of the machine table. The article 8 to be tested 
is mounted on the machine table aligned with reference to the 
datum lines. A lead screw nut or recirculating ball mechanism 
held captive on the underside of the machine table engages the 
20 lead screw in the normal way (neither being shown). 

A motor 9 mounted on the bench is coupled to the lead screw 
(at one end thereof) to provide a rotating drive and is preferably 
of the discrete incremental movement type (also known as a 
pulse-activated motor). It is possible to use a standard 
25 electrical motor instead but an angular displacement encoder 

coupled to the motor or lead screw is also then riecessary so that 
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the precise position of the machine table at each scan can be 
determined. 'The use of an encoder in this manner, including 
the use of digital encoders and digital display units for pro- 
viding a visual representation of the angular displacement of 
5 the lead screw and therefore of the position of the machine 

table 4 along the slidewaysjis well known and is not illustrated 
or described in further detail herein. As shown pulse motor 9 
is energised from control unit 10 also mounted on the bench. 
The latter includes a control panel 11 on which manual controls 
10 are mounted. These controls include a power-on switch 12^ forward, off 
and reverse drive switch island a switch 14 for ' adjusting a time 

interval between pulses, each pulse providing a prescribed increment 

. . table. 

of movement of the machine^ This latter switch may include a fast ' 
pulsing position to allow for fast movement of the machine table. 

15 A vertical column 15 supported on the bench 1 is provided 

alongside the slideways 2 in an intermediate position between the 
two ends of the bench. A digital counter 16 mounted on the 
bench 1 in front of the column 15 and mechanically coupled to the 
machine table 4 or, alternatively, coupled through a drive 

20 mechanism (not shown) to the lead screw 3, provides a digital 

indication of the position of the machine table along the bench, 
said counter being positioned so as to permit the machine table 
to be displaced with respect thereto through its entire length 
in both longitudinal directions. The counter 15 includes a zero 

25 mechanism to enable the reading to be zeroed at the onset of 

the measurement. In an alternative arrangement the counter may be 
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a purely electnca, ..vice capable of being .eset an. being 
responsive to tbe puUes Wed to drive the puise-activated 
-tor 9. Co.nter ,6 is provided witb a pHysica, index ,7 wbicH 
registers wit. tbe tab,e 4. and in particular, the transverse 
dat™ line when the table is set to . starting position. ' 

Amounting piate ,a is secured at the top „f theco,u„,5 
so that it is positioned above the table 4 and in a plane 
parallel to the vertical plane containing the axis of the lead 

3. This Plate supports in spaced-apart locations at least 
one light bea. generating ™ea„s 19 and at least one CCD-type 
electronic video camera zo. tight bea. generating ™eans 19 and 

permits adjustment of the said light beam generating means or 
camera in a direction along their respective longitudinal axes 

An arcuate slot 23 in niato n 

Plate n IS provided for mounting the 

base members 21 and 22 therein so as to facilitate thp 

nf +h« T . i^acintate the positioning 

t „ght beam generating means and the camera in directions 
para lel to the 3,ide„ays and also so as to facilitate adjustment 

the,r orientation relative to vertical axes, :„ e typical 
arrangement light beam generating means „il, he arranged above 
the index 17 and oriented sn -h^ 

'° " *° P'-^J^^t a beam of light in 
the vertical plane containing this index and 

--^---^=.^o^t^arS^^^rnS£C 

"'^ ~1 pune through an axis con- 

-n,ng the ^ndex W and forms an angle with said vertical plane 
Of approximately 20°, The field of view of the camera also 
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incudes the counter T6. the camera being disposed - that the 
coirr display occupies a prescribed position ,n sa,d f,e,d 

°' "preferably the light beau, generating means "-P-;-= - 
user Wh ch generates a very thin fan-shaped beam of l^ght and 

8 s seen by the camera is defined in Figure 2 by 

Which represents the --,-%r;j:-;rrprrfile 
illuminated by the flat beam of light. Figure 
nf the article somewhere along its length. 

'"referring to Figure 3. which illustrates t-tment . 

fi^ri-nr-^ 25 26, may be included in the ngnt 

- - - ""r 

t n by t e lig t bean, of any areas (called herein re-entrant 

: . 'of the article which are screened from the laser source 
Tov rhanging parts. Additional mirrors 27. 28. s,m,larly 
l„ted,reflect light from the ^ 
illumination thereof by the beam, into the field o 

J -p.-i^ Tc \/Tc;nallv extended at botn 
20 camera whereby the scanned profile is visually e 

^t, ends by the additional light from the sides of the article, 
h a a--^-"t has the purpose of ensuring that the entire 
„f th! object is effectively scanned, notwithstanding 

the re-entrant areas ^ ^.^^^ recorder 31. 

05 Referring now to Figure i, tnere 

a visual display unit (VDU) 32 and a camera switch 33. The camera 
w tch 33 switches an input received from the ^CD camera 20 

her to the input of the recorder 31 or to the inpu o t e 
VDU 32 The VDU 32 has two inputs and a display split along 

30 the vertical axis 34 into two halves, being either of the split 
screen or split beam type; that is in effect there is a trace 
on the screen from each input. Preferably the base lines of the 
two half screens are coincident. One input of the VDU is 
connected to one output of the camera switch 33 and, as seen. 
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provides the left-hand trace. An output from the recorder 31 
is connected to the second input of the VDU and, as seen, this 
output is displayed on the right-hand side of the screen. Also 
shown on the screen of the VDU are two numerical displays 35, 
36, shown respectively in the bottom left and the bottom right 
corners. These numbers represent the display of the counter 16 
which is in the field of view of the camera. The number 36, 
displayed on the right-hand side of the screen, is therefore 
a number which was pre-recorded with the pre-recorded profile 
scan. 

Operation is as follows. Switch 33 is set so that the 
output of the camera 20 is fed to the left-hand input of the VDU. 
The object to be tested is placed on the machine table 4 and 
aligned in a prescribed manner with reference to the two datum 
lines 6, 7 thereon. The machine table is then positioned so 
that the transverse datum line 7 is aligned with the index 17. 
The counter is zeroed. The lamp is turned on and oriented 
relative to the said datum lines so that the object is illumi- 
nated across the entire exposed surface of its periphery by the 
aforesaid flat beam of light; that is a very fine, thin light 
trace appears across the object. The beam of light is disposed 

in a vertical plane which includes the index 11 and the datum 

in the prescribed manner 
line 7. The camera is orientedji^so as to scan the full width of 

this line of light and is appropriately focussed. The adjustment 

is such that the base line of the trace of the left-hand half 

of the scan is arranged coincident with the vertical axis 34 and 
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the number 35 is positioned precisely in a predetermined location. 
The recorder, having a pre-recording of the desired profiles, is 
set to freeze frame operation and "inched" forward so as to 
display the first corresponding scan (as identified by the 
number appearing on the bottom right-hand corner of the screen). 
The profiles on the two halves of the screen are compared and, if 
desired, measured. The machine table 4 is then moved along to 
the next incremental position and the video recorder is inched 
on to display the recording of the next profile. The two traces 
on the screen are again compared. This process continues until 
the entire article has been scanned and compared with corres- 
ponding profiles which have been pre-recorded. 

The preparation of the video recording requires exactly 
the same initial procedure, care being taken in setting up 
the light beam source, the camera and the article to the 
prescribed criteria. The article in this case is an exactly 
prepared article fully meeting dimensional requirements, or a 
representation thereof. Having set up the article, the switch 
33 is set so that the camera inputs to the recorder 31, A brief 
recording is made of the scan by the camera and the video 
recorder is then stopped. The machine table is moved to its 
next position, the video recorder is "inched forward" so as to 
be clear of the last recording and a recording of the next 
profile is made. This process is repeated until a set of profiles 
is recorded of the entire representation. In between recordings 
the output of the camera can be monitored using the left-hand half 
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en merely by resetting the switch 33. The result 
,q'a profile can be checked using the right-hand side 



:2n. 



nng now to Figure 5. an open rectangular structure 41 
DOsed in front of the VDU 32 so as to frame both 
Vne screen. The two vertical members 42, 43 of this 
;onstitute slide rails on which there are mounted 
-nbers 44, 45. The latter are rigidly joined together 
tal rails 46, 47. A slider 48 is slidably mounted on 
47. An optical magnifying viewer 49 having a pair 
lires 50 is rigidly mounted on slider 48. A first 
-e 51 is coupled at one end to sliding member 45 
2led at the other end into electro-mechanical trans- 
-.upported on the structure 41. Transducer 52 generates 

relation to the reeling and unreeling of the wire 51. 
biased wire 53 is coupled at one end to the slider 48 
eled at the other end into a second electro-mechanical 
r 54 mounted on sliding member 45. Transducers 52 
•e identical. The output of each .transducer is con- 
) a respective input of a two-axes digital display 
Digital display unit 55 converts the input pulses 

transducers into signals representing the positive 
tive displacements of the cross wires 50 in the X and 
55, and displays each respective set of signals at the 
ve display window 56 or 57. The cross wires 50 may be 
er the entire display surface of the screen and by this 
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means precise measurements or precise comparisons of the ampli- 
tudes of profile of the article being manufactured may be made 
with the corresponding amplitudes of the corresponding profile 
of the master, without any physical measurements being taken 
on the article itself. Of course the displays provided by the 
display unit may be scaled so as to correspond directly, in 
any required units, to the exact measurements of the article. 
This scaling process may include angular compensation to allow 
for the fact that the camera cannot be placed orthogonally 
with respect to the scanned profile if it is to have a clear 
field of view of all but re-entrant areas. Microprocessors 
having the function of making these angular compensations are 
commercially available and they need no specific description 
herein. A microprocessor performing this function would be 
connected with the circuits of the two axes display unit 55. 
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CLAIMS 

A method of measurement and/or dimensional comparison com 
sing the steps of: 

(1) locating an object on a prescribed first plane 
with reference to a datum position, 

(2) illuminating the object in a second plane 
substantially perpendicular to said prescribed 
first plane along a narrow strip; 

(3) scanning the object in a third plane angularly 
displaced from said second plane by means of 

a video camera adjusted, focussed and 
positioned so as to discriminate the illuminated 
strip from the background and the remainder of 
the object; 

(4) comparing the amplitude of the video signal at a 
series of positions along the scan with a corres- 
ponding series of values representing the desired 
amplitudes at those positions along the scan 

in order to derive error indications; 

(5) linearly displacing the object a prescribed 
distance in said first plane in a direction which 
includes a component normal to the second and 
third planes and repeating steps (2) to (4); 

(6) repeating step 5 until the entire volume of 

interest has been scanned at a plurality of 
intervals. 
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2. A method according to Claim 1 further including the step of 
displaying the video signal on a visual display unit. 

3. A method according to Claim 1 or Claim 2 including the 
step of prestoring the values representing the desired ampli- 
tudes and recovering them when carrying out the comparison step. 

4. A method according to Claim 3 when appendant to Claim 2 
wherein the prestored values in respect of a scan of the object 
being checked are displayed as a separate trace on the visual 
display unit in synchronism with the trace of the video signal 
representing the said scan of the object being checked. 

5. A method according to Claim 4 wherein the prestore values 
comprise a video signal resulting from a scan of a master 
representation. 

6. A method according to any preceding claim wherein parts of 
the beam of light which are not naturally incident upon the 
object are reflected onto one or both sides thereof so as to 
illuminate re-entrant areas along said narrow strip. 

7. A method according to Claim 6 wherein the field of view 
of the camera includes reflectors on one or both sides of the 
object which are positioned to deflect light from the said 
narrow strip on one or both sides of the object with the said 
camera field of view, thereby effectively extending the camera 
scan of the object. 

8. Apparatus when performing the method of Claim 5 comprising 
a profiling table by means of which an object being checked 

is advanced along a prescribed horizontal axis in precise 
predetermined steps, a light beam generating means for casting 
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13. 

a substantially vertical fan-shaped, very thin beam across the 
object, said beam being substantially normal to the said axis, 
a camera arranged to scan the strip of the object illuminated 
by said beam and generate a video signal representing said 
5 scan, said camera being angularly displaced from the beam with 
respect to the illuminated strip, a visual display unit for 
displaying by means of a first trace the video signal generated 
by the camera and fed to a first input of the VDU, a video 
recorder for recording the video signal generated by the 

10 camera, and a selector switch for switching the output of the 
camera to either the first input of the VDU or the video 
recorder, said VDU having a second input connected to the output 
of the video recorder and providing a second trace correspond- 
ing to the recorder output. 

15 9. Apparatus according to Claim 8 wherein the light generating 
means comprises a laser source. 

10. Apparatus according to Claim 8 or Claim 9 wherein the 
VDU is a split screen type. 

11. Apparatus according to Claim 8 or Claim 9 wherein the VDU 
20 is a split beam type. 

12. Apparatus according to any of Claims 8 to 11 wherein 
reflectors are mounted on the profiling table so as to reflect 
part or parts of the beam onto the sides of the object. 

13. Apparatus according to Claim 12 wherein reflectors are 

25 mounted on the profiling table so as to include in the camera*s 
field of view reflections of the sides of the object illuminated 
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by the reflected beam. 

14. Apparatus according to any of Claims 8 to 13 further com- 
prising mechanical tracking means mounted on the VDU whereby 
the trace or traces on the screen of the VDU may be manually 

5 tracked so as to provide corresponding linear displacements in 
two Cartesian axes, and electro-mechanical means for converting 
said displacements into respective digital displays. 

15. Apparatus according to Claim 14 wherein said electro- 
mechanical conversion means includes means providing angular 

10 compensation of the displacement inputs to allow for non- 
orthogonical positioning of the camera with respect to the 
scanned profile whereby the digital displays indicate displace- 
ments in a vertical plane. 

16. Apparatus according to any of Claims 8 to 15 wherein said 
15 profiling table comprises a bench having longitudinal slideways, 

a machine table on which the object is mounted which is 
slidable along said slideways and a counter for .indicating 
displacements of the machine table, said counter being positioned 
in the field of view of the camera. 
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